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ethanol was topically applied to Muta Mouse skin. This dose was previously determined 
to be a maximum tolerated dose. 

Results: The potential of Octopirox to induce mutations in skin was evaluated using 
Muta Mouse. This transgenic strain was developed to allow the detection of mutation in 
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I. PURPOSE 

The purpose of this study was to oetermrne whether a stngre msxrmum tolerated dose of 
Octopirox, applred topically, IS mutagenrc rn mouse skrr, 

II. SUMMARY 

The potential of Octoprrox to ~nouce mutatrons In skin was evaluated using MutafMMouse. 
This transgenic strarn was deveioped tc allow the oetectron ot mutation in any tissue in 
vivo (1,2). Octopirox was topically applied to Mute -TMMouse skw rn ethanol at a dose of 
7.5 mg (I 1 100 pg/crnz), which prevrously was determined to be e maxrmum tolerated dose 
(3). The potential of hyaroxyurea (HU) to rnouce mutatron, c in skin was also evaluated for 
comparison to Octopirox, and the established skrn mutagen, 7, i i -drmethylbenzanthracene 
(DMBA), was used as a positive controi. 

Since the optimal time after dosrng to sample skin for mutation analysis was not known, 
skin samples from mice killed 4, 7 and 10 days after dosing with 100 ~g of DMBA were 
analyzed for mutations. At 4 days after dosing with DMBA the mean mutant frequency 
was about twice that rn controls. In contrast, at 7 and 10 days after dosing the mutant 
frequencies were about 1 S-times the control level. Therefore, both 7 and 10 days after 
dosing were appropriate times to collect skin for mutation anatysrs. At these times the 
mutant frequencies in skin treated with Octopirox were not greater than those in solvent 
controls. Also, 7 days after dosing, hydroxyurea (0.5 mg/g booy weight 1.p.1 die! nor 
induce an Increase in mutant frequency. Therefore, under the conditions of testing botr 
Octopirox and hydroxyurea were not mutagenic in VI’VG. 

Both Octopirox and hydroxyurea had been shown previously to cause a > 90% inhibition of 
epidermal DNA synthesis in Mutt -TMMouse skin at the doses shown here not to be 
mutagenic. Therefore, the transient inhibition of epidermal DNA synthesis by a srngle high 
dose of either Octopirox or hydroxyurea I- E not associatea with mutagenesrs rn 
MutaTMMouse. 

ill. METHODS 

Materials 

Octopirox (TSIN G0539.06) wac obtained from Beauty Care Product Development. 
Hydroxyurea (TSIN R0363.01 I wa, $ obtained from the Sigma Chemical Co., and DMEA 
(TSIN R0362.01) was from the Aldrich Chemical Co. Other chemicals were of reagent 
grade or higher quality ana their sources are indicated in the stuoy notebook. 

Animals 

Male mice ot the MutaTMMouse strain were received trom Hazietori hesearch Laboratories 
at approxrmately 7 weeks of agr , and were housed 5/shoebo> cage on harowood chir 
bedding. C 14 hr lightloark cycie (7:OC; am to 7:00 pm) was marntarned in the anima; 
rooms (wrth the exceptron noted below;, and Purina Lab Chow ant water were available 
ad libirum. Fioom temperature ant’ humidity were marntamec tc Biological T estrng Facility 
(BTF) stanoards (ETF SOF: EN\ >,4 The mice were careiulh shaveo when they were E 



tc. c week: G/C ustng i: sli;,al, animal ciipper, bnc c,:0\ mice in the resting phase of the haIt 
cycle (I.E. anlmalc withou? otrv~ous hair rearowrt tiftnln twc days of shaving) were usea. 
MIIX were indivioually nouseo after shavin& ant Ireztments did not begin until at least 2 
aays after shsvmg. InitialI) all mice were malmalnec rn room L-42 of the BTF. However, 
mice tc be treated with @ME+ or HU were transrerrec to room L-43 in the Carcinogen 
kre; atter shavlnS, ant remainled there until the bnc of the experiment. 

Dosing 

The overall experimental schedule and identlt!, c;? Groups are indicated below. Mice were 
uniquely iaentlflea with the group numbers (7 -4 / ant’ letters (A-C) and animal numbers (l- 
31, which were written on their tails with a permanent marker before dosing. The 
MutaTMMouse strain has S coat colors: blach, &Own ana golden brown. Mice of different 
colors were distributed as uniformly as possibic arr-i-long the various treatment groups. 

Group 

IL 
lE 
1c 

Anrmals 1 reatment Days Between Treatment 
----_ and Killing 

-t -2 6.1 ml ethanol (Etch 4 
-, -5 0.1 ml EtOH 7 
; -2 0.1 ml EtOH 10 

2A 
2E 
2c 

-; -2 7.5 mg Octoplro> CC clc 4 
i -2 7.5 mg Octc i 
1-t 7.5 mg Octc to 

SF , ‘ -,’ - 0.5 mg/g Hydroxvuroc (HCJ: 4 
3E . / -2 c G.5 mg/g HU 5 
3c j -2 0.5 mg/g HU 10 

4c j -2 100 j~/g DMBP 4 
4E 1-z 100 pg DMBA i 
4c j -2 100 j/g DMBA 10 

Group 1 was treated with 0.1 ml of ethanoi znc group 2 received a single application of 
0.1 ml of 6 75 mg/ml (7.5Oh! solution of Octopircj, IT: ethanoi. The ethanol or Octopirox 
solution was dripped over the shaved area usmc E mlcroplpettor tc achieve uniform 
coverage, while avoiding the border so that the oose was not wicked into the surrounding 
hair. 

Mice in group 3 received C.5 mg hyaroxyurea/$ t,oa~ weight dlssoived in isotonic saline 
1150 mg hyoroxyurea/ml) by sterile 1.~. injecrlcr 

Mice In group 4 recelvec i single toplcal applrcstlor, o! 1OC PIQ o? DMBA in 0.1 ml of 
acetone (i mglml:. The oose was dripped en trte skrr tc. achteve uniform coverage as 
Indicated above tor ethanol or the Octoplrox soii!tlcsr. fiurlng aosmg with DMBA and for 
approximately the nex: Y .$ hr the mice were mzrnls!nea unaer yellow lights, then the 
white room light: were turned back ori. beckuse 01 tn error IC setting the light switches ir 
the IOGrT-I 1~ -43:, the timer we: bypassea ant ?rSc right: remalnec on overnight. The 



problem was corrected the followq oa) Groups 1 and 2 wers housed in a separate roorr 
from groups 3 and 4 and were not affectec. 

Since the altered light cycle potentially coulo affect the crrcadian rhythm of epidermal DNA 
synthesis, additional mice were dosed with DMBA and HU as Indicated below. Again 
dosing with DMBA was done under yellow light. 

Group Anrmals 

30 1-Z 

Treatment 

0.5 mg/g HL: 

Gays 6etween 7 reatmenl 
and Killing 

I 

4D 1 r ,d 100 PQ DMBA; I 

All necessary precautions were taken to avoid any possible cross contamination of mice It-: 
the different treatment groups. Groups 5 and 4, while maintained in the same room, were 
kept physrcally separated on different cage racks in rndepenoent cage ventilatror, 
chambers. 

Tissue Collection 

At the times after dosing Indicated above, mice were killed by CC; asphyxiation. The 
treated skin was excised, leaving a border to ensure only treated skin was sampled. 
Dissection instruments were carefully washed after each mouse tc ensure there was nc 
cross contamination of samples. Also, the mice were killed in the order of groups i - : L 
which minimized the significance of any inadvertent cross contamrnatron. The skrr, 
samples were sealed in labelled plastic bags, frozen in liquid nitrogen, and stored at -&Cc C 
until sent to Hazleton fiesearch Laboratories for mutation analysrs. 

Safety Considerations 

Handling of all test materials was consistent with personnel protection and the SOP for the 
Carcinogen Laboratory (Standard Method MCM-261. All cages, cage tops and water 
bottles from mice treated with DMBA were disposed of as carcinogenic waste. DMBA- 
treated mice were dissected in the chemical fume hood in L-43 (STF). Dissection 
instruments and carcasses were discarded as carcinogenic waste. 

Analysis of Mutations in Skin 

Analysis of mutations in the skin samples was done at Hazleton Laboratories. The 
samples analyzed were: lB(l-31, lC(l-31, 2B(1-31, 2Cfl-31, 3D(i-31, 4A(l-31, 462, 4C(l- 
31, 4D(1,2). Samples 1A (1-3) and 2A (l-31, collected 4 says atter dosing, were not 
analyzed because the positive control, DMEA, induced a much lower mutant frequency at 
4 days after doslng compared to the effects at 7 and 10 days after dosing. 

The methods for analysis of mutations In the skin samples are oescribed In detail rr. 
Appendix I, the report from Hazleton Laboratories. 



V. RESULTS 

Results of mutation assays are oescribed In detail in Appendix I ano summarized below. 

DMBA 

Some crusting and tocal ulceration ot treated skin was noted 7 oavs after dosing mice 
with 100 PQ DMBA. 

The skin mutation assay result: trom the DMBA-treated mice are shown in Table 1. 
Approximately 300,000 plaque, c were scored, since previou, c experience indicated that this 
was adequate to detect the strong response induced by this potent mutagen and 
carcinogen. DMBA was dosed Iri acetone, and a specific vehicle control for DMBA was 
not included in the experimental aes~gn. However the mutant frequencies In skin treated 
with ethanol, the vehicle for Octoplrox, are shown in Table 2. These values ranged trom 
23.8 X 1O-6 to 55.0 X 10Ft with En overall mean value obtaineo at 7 and 10 days after 
dosing of 40. I X 1 OsE. Similar mutant treauencles have been reported in the skin of 
untreated and acetone treateo mice (21. 

Since the optimal time after ooslng tc sample skin for mutation analysis was not known, 
skin samples from mice killed 4, 5 and 10 days after dosing with DMBA were analyzed tor 
mutations. At 4 days after ciclslnc the mutant frequency in DMBk-treated mice was abo:*- 
twice that in ethanol controls. however, ar 7 and 10 days the mutant freauencies were 
about 13-times the mean levei IL etnanol controls, indicatmg that both 7 and 10 days attri 
dosing were appropriate times tc collect skin for mutation analyslz. 

Mouse 4D1, sampled at 5 days after dosing, had a mutant trequency of about 7000 X 
10e6, which is more than lo-folc greater than that determined In the skin of the other 
DMBA-treated mice. As dlscLlsseo tn Appendix I, such a high mutant trequency 1s probably 
the result of a heritable mutation In the target lac 2 gene. 

As noted in the Methods sectlon most of the DMBA-treated mice were subject to an 
altered light cyc~le during the day ot dosing. Mouse 4Di was an additional mouse 
subsequently dosed and malntslneO under the normal light cycle and killed 7 days after 
dosing. The mutant trequenc); observed In 4D2 wa, c similar to that m 4B2, which was also 
killed 7 days aft’er dosing. Furthermore, the mutant frequencies determined In all the mice 
killed 10 days after dosing were similar to the value obtained with 4D2. Therefore, it is 
unlikely that the alteration In the light cycle aftected the inductlon of mutations in skin by 
DMBA. 

The strong mutation response mauced by the positive control, @MBA, indicates that the 
MutaTMMouse skin mutation assay as pertormed In this stuoy was capable of detecting i 
known mutagen and skin carcrnogeri. 
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Octopirox and Hydroxyurez 

Kesults from MutaTMMouse skin mutation assivd or. Dctoprrox and hydroxyurea are showr 
in Table 2. Based on the relatively low response to DMBA 4 days after dosing, only skin 
samples irom the mice killed 7 and 10 days stter aosing were evaluated for mutation. 
Approxrmately, 600,000 plaques were scorec, since preliminary validation studies 
rndrcated thrc was an aaequate number to assess mutant frequency. At both 7 and 1C 
days after dosrng, the mutant trequencies in skrn from mice treated topically with 
Octoprrox were not greater than those rn solvent controls. Also, 7 days after dosing 
hydroxyurea dia not inouce an Increase in mutant frequency. Therefore, under the 
conditrons of testing both Octopirox and hyaroxvurea were not mutagenic in viva. 

IV. DISCUSSiON 

The dose of Octopirox evaluated here tor mutaoenrc potential (7.5 mg or - 1 100 pg/cm2) (41 
was shown previously tc be a maximum toierstec oose based on the severity of dermal 
rrrrtatron induced by higher doses (31. This OOSE was not mutagenic, but in an eariier study 
caused > 900/c inhibition of epidermal DNA svnthesrs rn MuteTMMouse (4). Similarly, the 
dose of hydroxyurea tested (0.5 mg/g body weight [.r;.), caused z 98% inhibition of 
eprdermal DNA synthesis rn MutaTMMouse (5; vei was not mutagenic in viva. Together 
these results indicate that the transient inhibitror o? epidermal DNA synthesis by a single 
high dose of either Octoprrox or hydroxyures I s WI associated with mutagenesis in viva. 

fiomar, E. Frank 

Eaward L?. Thompsor, 
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TABLE 

MutzTMMouse Skin Mutation Assam hesults tr~r VIIC~ 7 reatec with 100 pg DMBA 

hima, 1 otzl Plaques Mutcnl: M.F. X 10-6* 

-__. .-._ -II- 

4A i 
4A; 
4AZ 

4EZ 31;,69(3 I P- I 2 
40’ i 3s ,725 5: 
4c; 2; 2,906 1 -c /. 

A,Jc- 2 SC 

10 Days Aher 0osir-q 

37 6,065 CI 
1 a. 

28& ,36L r- 
,’ 

23i.68C 1 L 

P\:c1 2 SC 

7 Days After 15osm.g 

73 
728 
48 

83 f 41 

438 
Spontaneous Mutant 

572 
505 f 95 (N = 2) 

4c i 2EE,lSZ i4t 517 
4c; 30G,42E 1 81 642 
4cc 307,51c IL’ Gs 

AVG 5 SC 539 f 94 

_-_-.- 

*M.F. mdlcates mutant irequency. 
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T A B L E  2 . 

M u ta T M M o u s e  S k i n  M u ta ti o n  A s s a y  R e s u l ts  fro m  M i c e  7 re a te c 1  w i th  
O c to p l ro x  a n d  H y d ro x y u re s  

T o ta l  P l a q u e : M u ta n ts  M .F . X  1 0 -e ’ 

E th a n o l  C o n tro l  
1 B l  5 8 8 .0 1 5  
1 B i  6 1 9 ,4 4 5  
l B 3  5 9 1 ,8 0 5  

O c to p i ro x  (7 .5  m g l  
2 B l  6 0 2 ,9 9 E  
2 B 4  6 6 8 ,5 4 7  
2 8 5  6 7 2 ,9 4 $  

H y a ro x  y u re a  1 0 .5  m g /g  b o d y  w t: 
3 D i  6 2 7 ,6 3 6  
3 D ; 6 2 1 ,4 9 4  
3 0 3  5 7 4 ,6 0 4  

7  D a y s  A fte r D o s i n g  

1 4  2 f.E  
2 0  3 2 .2  
2 ; 5 7 .; 

A V G  *  S D  3 1 .7  k  6 .E  

1 0  
2 E  
h r i  2  

A V G  2  S C  

1 4  
1 5  
2 4  

A V G  z t S E  

1 0  D a y s  A fte r D o s i n g  

E th a n o l  C o n  tro t 
l C 1  5 9 0 ,6 6 7  -<  -4  Y . 
1 c ; 6 1 1 ,9 4 E  2 E  
1 c c  6 1 1 .5 2 : 2 E  

A V G  z t S C , 

E F , c  W C  .C  
4 5 .t 
4 5 .E  
4 s .i  *  5 .E  

O c to p i ro x  (7 .5  m g j  
2 c : 6 0 0 ,5 1 -i  i i  2 E .C  
2 c ; 7 0 7 ,8 0 2  2 1  2 s .: 
2 c 3  6 1 5 ,5 2 3  2 E  4  t I *  

A V G  *  S C ; 3 2 .4  2  7 .7  

l  M .F . i n d i c a te s  m u ta n t tre a u e n c ! 
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SUMMARY 

A CD2 transgenic mouse strain, designated MutaMouse: which contajns multiple 
copies of a lambda gt10laci construct integrated into the genome of each cell. 
was used to evaluate the mutagenic activities of two test articles, 60539.06 
and R0363.01. lwenty-four (24) coded samples of skin tissue were provided tc 
Hazleton Washington, Inc.? to determine the frequency of laci mutant>. DNA 
was extracted from each skin sampie, and the lac2 gene: were packaged b vitro 
into lambda pre-heads. The resultant phage were platea onto f. coli C (lacZ-; 
agarose cultures in the presence of a chromogenic substrate (Xgal) for the 
1acZ gene product, fi-galactosidast. The Flaques that subsequently developec 
were colored blue for the nonmutant, IacZ genes, whereas mutations in the 
1acZ gene were indicated by colorless or light blue plaaues. All plaque: 
suspected of being mutants were replated to confirm the mutant phenotype. lhe 
ratio of confirmed mutant plaques to the 1 ac?' plaques was calculated as the 
1acZ mutant frequency in each skin sample. 

After analysis of the skin sample: for the lacZ mutant frequency, the samples 
were decoded. Six negative control samples, harvested in triplicate at 7 days 
and 10 days after study initiation, showed mutant freouencies in the range of 
23.8 x lo-’ tc 55-C x IC-'. which were consistent with the Hazleton historica: 
data base for skin. Other sampies were exposed te Y.ii-dimethylbenz(a)anthr:, 
cene (DMBA), as & positive controi, and harvested ir, triplicate at 4, 7 ant :f 
days after treatment. The samples obtained at 7 ant IC oayc showec iargc 
increases in mutant frequent! (505 x 112~~ and 535 x 3CSpc. respectively, a: 
averaqes). Test article GO53C.06 showed no increases in mutant frequency for 
triplicate samples harvested at 5 and 10 days; 
from 16.6 x 10mt tc 42.2 x lCee. 

the individual samples ranged 
likewise, test articie R0363.01 showed no 

increase in mutant frequency al i single harvest time of 7 says. These 
results demonstrate the lack of mutagenic activity in skir b! 60539.06 and 
R036.01 under test condition: that led to iarge Increase: in mutant frequency 
after treatment with DMBA. 
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ANALYSIS Of MUIAMOUSC T!SSl!t: iOt LACZ MUTANT FREQUENCY 

i . STUDY IDENTIFICA~lOh 

A. Sponsor: The Procter & Gambif lompanb 

E. lest Articles: 

A .  Sponsor lest Substance icentiflcation Numbers (TSIN): 

G0535.0t ant RO363.01 

supplieo within the foi;owrn$ cooec skin samples (24): 

lffi? lBi, lB3, lC1, IC; It:! 2Bi. 2Bi, 283, 2C1, 2C2, 2C3: 
3Di+ 3D2, 303, 4A1, 4AI. 4AZ. 462, 4CI, 4C2, 4C3, 401, 402 

Coded skin samples (6, provided but ncl analyzed in this re- 
port: 1Al. 1Ai: IA:. 2F.I. 2Ai, 2A3. 

2. Sponsor Study Number: B$‘!-0227 

‘; w Physicai Description cf iti( lest Samples: Frozen skin samples 
individually sealed IT, -abeied ba9z. 

4 Dates keceived: Jui! li juij It. and October 10, 1991 

L - . Genetics Assay Number: 1465L 

c. Type of Assay: Analysis of hulahouse 7:ssues for LacZ Mutant 
Frequent) 

C‘ Protocol Number: 300, Editlor. 1 

1. Stud! Dates: 

i. Stuay Initiation Dart: JUiJ Ii. iO9l 

2. Experimental Start Date, JUT> 23, 199i 

3 w. Experimental Terminatior Date, December 12, 1991 

f. Supervisory Personnel: 

i . laboratory Supervisor hoo; Khour;. M.5. 

2. Stuo! Director. Br-ia:, kynr ~ Pbi.L 
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Il. OBJECTIVL 

The objective of this study wac to evaluate the iac2 mutant frequency ir; 
MutaMouse skin samples provided under code iaentification by Procter & 
Gamble. 

111. RATIONALE 

MutaMouse is a transgenic mouse which has bacteriai iaci genes stably 
integrated into the genome of every cell. This gene ic unexpressed in vivc 
but serves a: a potential target for mutagenesis by chemicals, radiation 
endogenous processes. The particular advantage of the transgene is that 
the 1acZ gene is inserted within a lambda gtI0 vector which can be rescuec 
enzymatically from the mouse DNA. DNA isolated from any mouse tissue of 
choice is reacted with a iambda packaging extract in order to produce 
viable phage. Each lambaa phagr contains one iacZ target gene obtained 
from the mouse DNA. The phase are adsorbed to a large excess of 1. coli C 
bacteria and allowed to multiply and form plaques on an agar surface. By 
includino a chromogenic substrate in the agar for the lacl gene produce, I;- 
galactosydase, a dark blue coior is developed in the wildtype (nonmutant) 
plaques. However, mutations that cause a loss or reduction in b-gal 
activity result in colorless or light blue piaques. The ratio of altered 
plaques to blue piaques is the 1acZ mutant freauency in the mouse DNA being 
analyzed. This assay is sensitive to mutagenic agents that cause base-pair 
changes or deletions in regions of the 1acZ target required for enzymatit 
activity. The construction of MutaMouse and its characteristics werr 
described as strain 40.6 by Gossen et ai - --f 19%. 

IV. MATERIALS 

A. Animal Tissue 

Skin tissue samples for analysis were obtained by Procter 8 Gamble 
from MutaMouse transgenic mice, designated CD--lacZ8O/HazfBh. Frozen 
tissue samples packaoed in dry ice were sent to HWA, and the tissues 
were stored ai -7O'C-or colder until removed for the extraction of 
DNA. 

e. Bacterial Host 

The bacterial host for the development of plaques was t. coli C 
(lac-, tet', amp') obtained from Dr. Jan.Gossen! Medscand Ingeny, lhe 
Netherlands. Stocks were stored at -20 C or colder in 5(X glycerol 
in Luria Bertani (LB) medium. Overnight culture: were subjected 
periodicalig to growth in LE medium containing ampicillin or tetracy- 
cline to guard against adventitious bacterial contamination. Daily 
cultures were prepared from overnight cultures in LB medium contain- 
ing 0.2% maltose (LB/M medium). The daii! cultures were arown in 
16/M medium LC a density of OL,, = 0.5 tc ;.C prior to coiiection for 
use in the assay. 
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\ EXPERIMENTAL DESIGK 

A. Sample Seiection and Size 

In this study, skin sample: were the only tissue samples provided. 
The sponsor initially requestec thirt 300.000 blue plaques (1acZ' gene 
population) be analyzed per samp'ic. A number of samples were then 
selected for further analy:;: UF IC 600,OOC lack' genes. Six coded 
skin samples were placed or, trcic and were not analyzed for this 
report (see Section 1-B.) 

Ii. Mutation Assay 

i . 'Tissue preparation 

fach sample of frozer, -ck?r$ baz removed from -70-C storage and 
cut into small piece: k'itt, scissor:. The pieces were then 
dispersed into lysic_ bufier (10 I#, tris*HCl, pH 8.0, 150 mM 
NaCI, 20 rnM EDTA). Iact> 9%spersea tissue was digested for 2-5 
hours at approximatei! 5l : In L shaking waterbath using 0.9% 
sodium dodecylsulfatc znc C .C ma/ml proteinase K in lysis I 
buffer. 

2. DNA preparation 

The tissue digest wi: rr+i:hec with art equal volume of equilibrat- 
ea phenol:chloroforn. (111:. usinc oentle inversion to produce a 
homogeneous suspenslor.. ihc water-phase (containing the DNA) 
waz separated from thf organic phase by centrifugation at 
approximately 1500 r 9 to' 15 minute:. The water phase was 
then transferred to 2 c'!ti:r, tube, whiie being careful to avoid 
insoluble material ;t thy InterfacE. 

A one-fifth volume of 8k claLassiun! acetate was added to the 
water phase and mixec gent‘l!. Then one volume of chloroform 
was added and mixed b> :-lob inversions. After centrifugation 
at approximately 25OC > c for 30 minutes at approx. 4 C, the 
upper aqueous phase ~2: aransferred to a clean tube. DNA was 
precipitated by the iroo itIc% of 2 to 2.5 volumes of cold abso- 
lute ethanol. 

lhe collected DNA wa: cr:sc:vec ir, 7t-4 buffer (10 I# Tris*HCl, 
pH 7.5. 4 I# EDTA) ant refrigerated indefinitely at approx. 
4':. lhe DNC concenlrS:?or was determined from the ultraviolet 
absorbance at 260 nri.. u:lns the relst ionship of 70 pg/ml of 
cslf thymus DNA for ar: &bcorbancc of i.0 (Rodriguez and lait, 
1983; ~ 
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The molecular weight distribution ot each DNA preparation wa: 
determined by electrophoresis in 0.5% agarose. The migration 
of the DNA and DNA molecular weight markers were visualized by 
ethidium bromide staining and photography of induced fluores- 
cenct. DNA preparations of good auality for the packaging 
reaction, defined as DN& remaining primarily between the origin 
and the 25,000 base-pair position. were used for the analysi:: 
of mutant frequency. 

7 
v .  DNA packaging 

Sequences of lgtl0lacZ were removea from the mouse DNA and 
packaged into empty lambda preheadt by use of lambda packaging 
extract:. The extracts were purchasec commercially and con- 
sisted of two components (freeze/thah extract and sonicate). 
The component s were stored at -70 I or colder and were quickly 
thawed just prior to use. 

Each DNA preparation was diluted with, T1-4 buffer to a concen- 
tration of 1.5 w DNA/pi. A volume of 5 ~1 was carefully 
pipeted into IO ~1 of freeze/thaw extract and stirred. The 
sonicate (15 ~1) wa, t then immediately added and stirred. The 
reaction was incubated for approximately 2 hours at 37 d 2'C, 
then terminated by the addition of 0.5 to 1 ml SM buffer (50 Ml 
Tris*HCl! pH 7.5, IO II+! MgSG,, 100 I# NaC1, 0.01% gelatin) ant 
30 ~7 of chloroform as preservative. lhe reaction mixture kc: 
pulse-spun to pellet the chioroform, and the preparatior$ PC: 
stored in the dark under refrigeratior (-4 C) until anaiyzec. 

4. Lambda plaque production 

The number of reliable lambda phage :r: each packaged DNA prepa- 
ration was estimated by a titerin!. A. measured volume was 
removed and incubated for 20-30 minutes at room temperature 
with 1 mi of E. coli C prepared as described below. LB/NM 
agarose medium was prepared, and 14 ml were added to the tube. 
After mixing, pourina the contents intc a 150 mn plate, and 
allowing solidifjcation, the culture was incubated overnight at 
approximately 37 C to allow plaques to develop. The plaques 
were counted and used to calculate the volume of packaged DNA 
preparation needed to produce approximately 1500 plaques. 

The packaged DNA preparations from each tissue sample were 
analyzed by producing 100,000 or more piaques at a nominal 
(precaiculated) density of approxlmateiy 1500 plaque:! per 150 
mm culture plate. Usually: sever-a: packaging reactions and 
plating5 (on different days] were used to achieve the totai 
population aesired for each tissue sampit. The plating proce- 
dure is described in the last paragranh of this sectlor,. 

t!! 
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LB/M agarose medium wa prepared on the day of use. The 
content5 were 0.75% puriflec agarose in LB medium to which 
10 Id4 Mgsc,t 0.2% mairozk. and 0.35 mg/m! X-gal were addea 
aseptically to molter, medium (approx. 55 C) just prior to USE. 
The X-gal solution wac previously dissolved in 
dimethylformamidr (DMfl and then dilutec into the agarose 
solution such that the DMI concentration was less than 0.5%. 

1. coli C bacteria were obtained from daily cultures as de- 
scribed in Section 1k.i. lhc culture: were centrifuged and 
resuspenaed in fresh IE/M& medium at OL,, of approximatelv 
O.40-0.6C, which correspond: to approximately 2 to 4 x 10E 
bacteria/ml. Thlz susnensior: wac held on ice and used within 
I-2 hours of preparatlor,. 

A series of tubes was prepared for the adsorption of phage to 
the bactorlz. Normal‘l:. three plates were poured from one 
adsorption, so the volume of packaged DNA preparation used 
corresponded to a titer of approximately 4500 phage. A 3 ml 
al\auot of bacterial cuspens~on was added, and the suspension 
was mixec and incubatec ?or 20-30 minutes at room temperature. 
E/MM aaarose (42 ml: wzc aaoed and mixed. The contents were 
then qujckly pipeted ir,tc three empty- 150 mm culture plates at 
15 ml/plate, spreaa ever,\:. and allowed to harden. The cul- 
tures were incubated ~v~rr.igt~t at approximately 37-C to allow 
piaauez to aevelop. 

E 
w Piate scoring 

Al? cultures were scorec PI the aa_v of removal from the incuba- 
to1 The total popuiztlor: hzc determined from blue plaque 
count: on four representctlvf plate:. An area equivalent to 
one-tenth the plate arei wz! marked OL the plate surface and 
usec a: the count are; ihc averaGe plaque count and standard 
deviation were determlnec 7he total population was calculated 
a: the average blue piaouc count 1 I@ x the number of plates 
scored folr mutant plaque2 

fach piatE was examinec c aref ullb for presumptive mutant 
plaques, identified 2: co?oriezs piaques or plaques with a 
reduced color relatlvc IC the maJority of blue, wildtype 
placiue5. The positIons were marked and the plate given to ic 
second person to locate arl! additlonai presumptive mutants. 

Al; presumptive mutant piaouez were picked by collecting a core 
through the plaaue wi il 2 ciean Pasteur pipet. The content: 
were transferred to z rr:lcrofuge tube containing 300 ~1 SM 
buffer and 50 ~1 chloroforn. After mixing well, the phage 
preparations were aiiowec tc tit for several hours or overnigh? 
in c refrigerator. 11~ rr;zlct- preparations can be held 

c!! !4654-C'-30( 
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inoefinitely at approximateiy O'C In the oark but were assayec 
for mutant content within 7 days tc avoic possible loss of 
infectivity. 

6. Mutanr confirmation 

Presumptive mutants were tested for mutant phenotypes by 
replating onto t. coli C cultures containing X-gal. bacteria- 
suspensions in LB/MM agarose were preparea as already described 
in SectIon V.B.4, except that phage were not includec, Either 
150 mm plates or the much larger 24 cm x 24 cm bottom agar 
plates were used. In the latter casr. 3G ml of LB/W+ agarosc 
were mixed with 3 ml of bacteria suspension and poured for each 
plate. After hardening, the plate: were poritionea on a grid 
pattern of approximately 15 mm x 15 ITR. A 1G ~1 aliquot of 
each presumptive mutant phage preparation was applied to one 
grid are;. After the spots had adsorbed into the agarose, the 
piates were incubated overnight at approximateiy 37 L. 

A presumptive mutant phage sample was scored as mutant if any 
co1ories.r or light blue plaque c were found in the spotted area. 
An all-blue response of wildtype intensity in the spotted area 
war scored as negative for mutatior,. 

If the spottec area was completely iysec so that indiviaut 
plaques were not distinguishable, a second confirmation tesl 
with a smaller titer was performed. Conversely, if nc piaques 
were observed, a second trial with a iarger titer was used for 
that phage preparatior,. 

! . Mutant freouency calculation 

lhe mutant frequency (MFJ in a DNA sample was defined as 
the ratio of confirmed mutant plaques tc the total plaques 
analyzed The MF was expressed in units of 10' plaques, 
lo increase the population of analyzec iacZ genes for a 
given skin DNA sample. the results from several packaging 
reaction!: and phase plating, c were combined and used for the 
Mf calculatior,. 

c. Data Presentation 

For each skin DNA sampic analyzea, the foliowing data are reported: 
the totai number of plaques scorecI the number of coiorless mutant 
plaque: found. the number of color-mutan: piaoue:, the total number 
of mutant plaques, and the caiculated mutant frequent). 

CP 14654-0-30~ 
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D. Assay Acceptance Criteria 

The assay wa s considered acceptahir for evaluation of the results bq 
meeting the following criteria: 

. The negative control tissue yleidea L mutant frequency consistent 
with historical experience tot- that tissue. The average mutant 
frequency among the 6 negative control samples was (40 3 11) x 
16 which was not significantij different from the HWA historical 
negative control data providec beiow: 

HWA HISlORlCAL NEGATIVE CONTROL 
MU7AN-i FREQUENCY IN SKIN 

14654-O-3OC 
14654-i-30( 
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ANIMAI+ 
MUlAN- WlLDTYPE 

LACZ GFNF! LACZ GENES 
MUTANl 

FREQ. x 10' 

1 2I 1.059,759 27.4 

; 2f i,O33,281 27.6 

: I- 3. i,Odi,595 34.8 

I! -,r 2L 1.092,815 29.3 
t s 2c 1,156,650 20.7 

t 2F i,204,389 23.2 

7 jr 1,050,676 32.4 

l Male, 8-10 week: AVCJ. MF = (27.9 * 4.9) x lo+ 

The plaoue density on tne cuiturec scored for mutants did not 
exceed 2000 plaques (tc 5% precision) per 150 mn plate. 

The efficiency of the packaglnc reaction for each DNA sample did 
not fall below 10,000 pfu/pc DNA. because most DNA samples were 
packaged in several indivioucl reactions, an occasional reaction 
in the 9000 pfu/pa DNA ranac was acceptable if the majority of 
piaques were obtained at higher efficiency. 



W P S H I N IG T 0 N 

f. Response Evaluation Criteri; 

All tissue samples were analyzed at plaque populations greater than 
100,000 and in accordance with directives from the sponsor. Eecause 
the concurrent negative control s were comparabie to the HWA histori- 
cal negative control data, the concurrent negative controls were used 
to evaluate the responses in the treated tlssues. 

An appropriate statisticai method for data analysis is not yet 
deweloped. Therefore, a guideline of at least a Z-fold increase ir, 
mutant frequency over the concurrent negative control mean was used 
as a minimum response to indicate-Futagenic activity. In this study, 
that mutant frequency was 80 x I(! or greater. In addition, c 
consistently elevated response among the replrcate samples was 
necessary tc consider a treatment to be mutagenic. 

34654-6-306 
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vi. RESULTS AND DISCUSSION 

All of the skin samples evaluated in this study were coded. Upon compie- 
tion of the study, the code was broken by the sponsor, and the data were 
arranged into the appropriate treatment groups for analysis, as shown in 
Table 1. 

The results in lable 1 show that the negative control skin samples, har- 
vested 7 days after initiation of the study, yielded mutant frequencies 
within the HWA historical distribution of (28 t 5) x IO-'. Higher mutant 
frequency values were obtained at 10 days after study initiation. It is 
not clear why this second set of controls should yield apparently higher 
mutant frequencies, but if all six control animals are considered together, 
the resultant mean and standard deviation, (40 j 11) x 10m6, was not 
significantly different from the HWA historical distribution obtained from 
approximately 1 ,OOO,OOO plaques per animal. Hence, the concurrent negative 
control, consisting of all 6 samples, was considered to be appropriate for 
the evaluations of the treated skin samples. 

7,12-Dimethylbenz(a)anthracene (DMBA) was used as a positive control test 
substance. As shown in Table 1, the DMBA treatment caused only a minimal 
increase in mutant frequency by 4 days after application. However, by 7 
days after treatment, a large increase in mutant frequency was observed. 
This response increased somewhat further to an average mutant frequenr: o< 
539 x 10e6 at 10 days. (One of the animals, coded 4D1, showed a mutan: 
frequency that was indicative of a mutant offspring in the animal breedin 
program, so this animal was excluded from the analysis of DMBA-induced 
mutagenesis.) These results demonstrated the mutagenicity of a well-known 
chemical mutagen and showed the importance of harvest time in detecting 
this activity. The time course for the maximum accumulation of induced 
mutants in skin is not established for any chemical, but 7-10 days' harvest 
time appears to approach the time necessary for maximum assay sensitivity. 

Compound 60539.06 did not induce any significant increases in mutant 
frequency when assayed 7 and 10 days after treatment. The mutant frequen- 
cies in the skin samples from individual animals ranged from 16.6 x lo-* to 
42.2 x 11X6, which fell within the negative control range of frequencies. 
The lack of any response at 7 or 10 days after treatment indicated that 
60539.06 did not possess any significant mutagenic activity in mouse skin. 

Compound R0363.01 wa s analyzed 7 days after treatment. Again, no departure 
from the range of mutant frequencies typical of negative control skins were 
observed. Thus, no evidence for mutagenic activity was obtained for this 
test substance. 

14654-o-300 
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VII. CONCLUSION 

MutaMouse skin samples assayed 7 and I@ aay s after the application of 7,12- 
dimethylbenz(a)anthracene showed large increases in the 1acZ mutant fre- 
quency. In contrast, test compound G0539.06 did not induce any increases 
in mutant frequency at these harvest times. Similarly, test compound 
R0363.01 caused no change in mutant frequency at 7 days following treat- 
ment. Thus, no evidence for mutagenic activity in skin was obtained for 
either test compound in this stud). 
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l.acZ MIlTANT FREQIIFNCY TN MIITAMOIISE SKIN CAHPI.ES 

P&G rt!!dy h.: R9l -fl337 YLLl 
P&G Reference h.: 91000672 
“VA ncqav NC?.: 146S4 

_ ..---..--- __ -.~ . . _.-.---.--^l_ -l--~^-.-.---.-__--^--l~.-“__ -...-._ ___“__ ________ __ ___. ..-.-.. -__.--______._ 

Tissue PWk3._qLnqReaCtfn Platlnq Den7it.y Total LacZ' Snlorless Colored Total 
Samp! e 

N17.h 
Pnnlllatinn iaci iacZ LacZ MF Y II-f 

Identity" Titer (pfu/jlg WA) (LacZ+ plaques/plate) Mutants Hutants Mutants 
___... - -- ..--..-- .-._ - -- 

181 
Negative 
Cmtrnl. 
7 Iavc 

__ 

lR2 
Nsgative 
Cfintrnl. 
' rt>v< 

1633- 1 36,027 1163 
1633-1 36,027 1543 
1633- 1 36,027 1215 
1633-2 18,R27 1580 
1633. ! al,507 1680 
1613 4 ??.7?fl 1765 

1633- 1 21,413 1363 
1633-2 12,960 1515 
1633-3 14,747 1535 
1633-4 16,880 1428 
1633-5 17,787 1595 
1633-h 21,493 1835 

87,225 
46,290 
21,870 

142,200 
lS1.200 

122,670 
99,990 
96,705 

114,240 
130,790 

ii%!- I 32.3 

183 1633-l 23,573 1323 119,070 3 
Negative 1633-2 16,907 1420 113,600 4 

Cnntrol, 1633-3 18,347 1385 70,635 7 days 1633-4 32,640 1448 221,544 Ii f 1: 
1633-S 11,440 1240 

37.2 



. . ..__ 

Tissue 
Sample 

identity" 

1 c 1 
tkgat,iV? 

Control, 
in davc 

TARLF 1 (Continued) 

LacZ MUTANT FRE!j!!ENCY !F! ML!TA$IL!SE SK:?! SA\?L[S 

Packaqinq ReactfoR Plating Density Total Lad+ Colorless Colored Total 

Nn.b 
Popirlation Lad LacZ Lac7 MF x Id' 

Titer (pfu/[lg DNA) (LacZ' plaques/plate) Mutants Mutants Mutants 
-_ ._ -. ..-_~--..-____--_.__l--_-____~_ .--_---.-. ..-- ----- ~- - - .-.- ..-._- --- _----I------ -- - ._ -- 

1670-1 18,853 1383 121,704 9 0 
1670-2 20,000 1293 116,370 5 5 1: 
1670-3 14,560 2005 138,345 3 0 
1670-4 13,893 1588 104,808 0 : 
1670-5 14,773 1575 66,150 : 
1670-S 14,773 la43 1 

55.9 

1c3 
Negativs 
Control. 
1n davc 

1670-I 23,307 1435 
1670-2 13,467 1505 
1670-3 19,573 1578 
1670-3 19,573 1383 
1670-4 11,093 1370 
l67fI-!i 35.573 1ddR 

159,285 
96,320 
63,120 
53,937 
69,R70 

1670-l 32,613 1188 
1670-2 23,547 1093 
1670-2 23,547 1118 
1670-3 11,813 1555 
1670-4 13,627 1438 
1670-5 10,107 1790 
1670-6 9,787 1450 

--.- .--. --..--_-“l_- .._. _- 

163,944 
65,580 
60,372 
88,635 
99,222 
85,920 

KY-%! I , 
.__-..--.-- -__ 

5 5 10 
4 1 5 
1' 0 

1 : 
1 0 
0 n ; 

z- 4S.R 
-- --_. - ---. ---._-_- .__-. .- .-_. 

: 4 5 
1 3 

1 2 
3 0 3" 
4 4 
3 1 : 
0 2 

-75 45.8 

“d 
-I 

0 0 
7 z- 



TARLE 1 (Continued) 

LacZ M(ITANT FREQUENCY TN MIJTAMOUSF: SKIN SAMPL .ES 

- - - -  11__- - - I_  --~----_._-~_-_--.  .  . . _ .  -  - - -  

Packaqjnq Reaction Platinq Donslty Total lar7' rnlorless Co! ored Total 
LacZ 

Nn.h 
Pom~lation Lad LacZ M F  x IfI’ 

Titer (pfu/pg DNA) (LacZ' plaques/plate) Mutants Mutants Mutants 

1670-I 20,800 1165 118,830 6 6 
1670-Z 10,667 1350 68,850 5 
i67n 7 Ifi,? I ws R 7 

71.R 

1670-J 19.520 1375 132,noo 12 13 
1670 2 12,907 1423 89,649 12 : 
i67n.7 9,7n7 1nfI-I 66,135 R 2 & 

288,3R4 37 12R.3 

1670-l 22,267 1228 136,308 5 0 5 
1670-Z 12,640 1375 86,625 
1670-3 9,867 1550 

: 1 4 
2 5 

14 47.8 



TABLE 1 (Cnniimied) 

LacZ MIlTANT FREQUENCY IN MUTAMOIJSE SKJN SAMPLES 

___--__l_l_--l--__ -~- 

TlSSiii? Fd-w&srm Piaitng DPnslty Total I.acZ' CnlnrlFi5c Colored Total 
Sample 

Nn.h 
Population LacZ LacZ LacZ 

Tdent tty” Titer (pfu/llg DNA) (1 acZ’ pl aqlres/pl ate) Mutants hrtants MIltants 
_-- _.- . . -______--- __--- _I_ ~_---._- _______--.I__ 

482 1633- 1 34,587 1295 194,250 4 69 
DMBA, 1633-2 24,147 1410 9 68 
7 days 137 

MF Y inA 

-- --_ -_--. 

438.1 
__-- ----- - ____ -.-- --. 

401 1633- 1 28,720 1035 139,725 973 4 977 6992 
I-MBA, 
7 clay< 
-._---- .- _-_ --.--- ___Ic-.__-____----_- -~ ---_ 

402 1633- 1 19,360 1513 139,196 15 
DQM, 1633-2 17,280 1533 120,772 a 

4 
572.1 
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TABLE I (Continued) 

LacZ MUTANT FREQUENCY IN MUTAMOUSE SKIN SAMPLES 
.._.. - .-.- -^- ._.. 0 __I___ ~_I__- 0 

Tissue Packaqinq Reaction Plating Density Total LacZ' Colorless Colored Total 
7 2 

Sample 
Identity* Nn.h 

Population CacZ LacZ 1acZ HF Y In” 
Titer (pftr/ilg DNA) (LacZ' plaques/plate) Mutants Mutants Mutants 

_- __-. ~l_----___I-_-. --^ __--... _ l_l-___..- 

2Rl 1633-I 18,160 1190 107) 100 

Compoltnd 1633-2 23,707 1353 154,242 i 

0 2 

0 GQ539.M, 1633-3 14,053 1578 47,340 2 0 ; 
7 dav5 1633-3 14,053 1598 43,146 0 1 1 

1633-4 12,480 953 57,180 0 n 
1633-S 13,147 1795 114,880 1 a” 1 

1633-6 15,920 1515 36,360 0 
1633-7 9,093 1425 M  

i 
0 

, -ii- 16.6 
-.--I -_-... - -_.-_ .--II-. ~. -___ _..._.. 

2R2 1633-1 36,560 1100 99,000 1 0 1 
Compnlrnd 1633-I 36,560 1283 107,772 I5 1 7 
w539.w. 1633-2 18,053 1435 93,275 6 0 6 

7 rirvc 1633-3 26,767 1700 212,500 6 1 1fi37.n 23,173 1625 8% 5 n 5 --. 
, 26 JR.9 

.~ _I- .------ -- ----..- 

283 1633-1 21,040 1253 72,674 3 1 4 
Compound 1633-2 17,813 1515 136,350 4 
Gn539.M, 1633-3 51,600 1430 102,960 F : 

7 day? 1633-3 51,600 1733 181,965 

3” 

I 1613-4 21,440 1790 iE% 3 2 : 
I 2.7 34.2 

__-- _- .- ---___^_--_- - 



Tissue 
Sample 

IflFintitv” 
..-. ___ .- 

2Cl 
Compc!!nd 
G0539.0fi, 
In days 

2C3 
Compound 
G0539.06, 
10 days 

TARIF 1 (Cnntinltert) 

La&! MUTANT FREQUENCY IN MUTAMOUSE SKIN SAMPLES 

&c,kaqinq ReactioB Plating flPn<ity Total LacZ’ Cnlorl~s~ Colored Total 

Nn.h 
Pnplilat ion LacZ LacZ LacZ HF Y In* 

Ti tar (pfu/pg DNA) (I.acZ’ pl aqllFfs/pl at.P) Mutant.s Mutants Mutants 
- ____- _ _.^ ______ _______. -.--._-- ----_.- ~_--__---_----__--__ 

1670-I 
1670-2 
1670-3 
1670-4 
1670-S 
lti711,6 

20,960 1178 123,690 2 0 2 
i9,173 1333 123,969 3 1 4 
10,000 1 
10,000 
11,093 1’ 
13,280 1 

433 61,619 1 1 2 
695 81,360 0 1 

950 101,400 2 f 723 2 3 : 
TT- 28.3 

_..- - _. 

1670 1 19.613 R63 
1670 2 21,320 1463 
1670 ! 13.147 1845 
1670 4 21.067 1918 
1670-5 15,333 1458 
167n.c; 13,253 1623 

_-..--- -- - 

1670-I 22,133 1335 
1670-2 10,000 1763 
1670-3 17,520 968 
1670-4 22,347 1533 
1670-5 26,453 1540 

nn, 259 
14P.?26 
ins. 165 
195.636 
109,350 

M  , 
128,160 

84,624 
78,400 

133,371 

E% , 

I I 
n 2 
n 3 
4 11 
1 

n 4- 29.7 

42.2 

- 



TARLE I (Continued) 

_.-_---_-.- .__.. _- 
LacZ MUTANT FREQUENCY !N M!ITAMnIICF SK!! #!-jpg~ I , ,, lYY”C 

Tissue kkaqinq Reaction 
Sample 

lrlcnt.lty" NIT.~ Titer (pfu//ig DNA) 

Plating Denstty Tntal LacZ' Colorless Colored Total 
Populatinn LacZ LacZ LacZ 

(LacZ' plaques/plate) Mutants Mutants Mutants 
MF Y IO' 

--“--.---I_ _--- --___~- 

3111 1633-1 31,653 
Compound 1633-2 13,813 
Rfl363.nl. 1633-3 12,933 
7 days 1633-d 10,693 

1673-S 17,893 

1375 206,250 
1320 89,760 
1663 89,802 
1848 116,424 
1425 

0 
3 : 
1 2 
0 1 
n 4 

14 
-- .~--. ..------__--.--. -- -- -.- _ __I_- 

3lI2 1633-l 31,067 1225 180,075 6 6 

Compound 1633-2 14,933 1568 114,464 RO363.01. 1633-3 24,480 1870 220,660 : 0 : 
7 days 1637-4 In,onn 1743 2 0 

i$- 

22.3 

23.9 
--___----- ---- ----.. -. --.- ..-- -. ~.----.-.__ _. 

303 1633-l 15,733 1290 96,750 7 0 7 
Compollnd 1633-2 12,907 1438 89,156 1 
m363.niI 1633.3 17,627 1653 138,852 : 0 : 
7 days 1633-4 14,000 1888 130,272 1 0 

1671-S 16,nf-m IS.73 
#?% 

9 n 
, 41.8 

" The test sampip code, experimental identity revealed after analysfs, and the harvest time? (day? after rlnslng) arp 
qi\'Pn. 

h Packaginq reactlnn number: Cigaoack II Gnld lot numhsr (nnnnl and the indlviriual rpacttnnq perfnrmd (-n) fnr parh 
tissttc sample. 

pfu " plaq~re formtng unit MF - LacZ Mutant Frequency 

M3A - 7,12-lllmethylhenz(a)anthracene, 100 rig per animal, 11~4 a~ positive control. 


